Noise stress generated in industry is one of the environmental factors that physically affects the functions of the inner ear. Exposure to noise can cause hearing loss, resulting in serious problems in occupational and daily life. At present, however, there are very limited ways to prevent hearing impairments. The inner ear consists of the organ of Corti, vestibule and semicircular canal. Functional or morphological damage of these tissues in the inner ear caused by genetic factors, aging or environmental factors can result in hearing or balance impairments. In this review, we first introduce a deafness-related molecule found by our clinical research. Our experimental research using genetically engineered mice further demonstrated that impaired activity of the target molecule caused congenital and age-related hearing loss with neurodegeneration of spiral ganglion neurons in the inner ears. We also describe impaired balance in mice caused by exposure to low-frequency noise under experimental conditions with indoor environmental monitoring. We believe that our approaches to pursue both experimental research and fieldwork research complementarily are crucial for the development of a method for prevention of impairments of the inner ear.
Heavy-metal pollution occurs in various environments, including water, air and soil, and has serious effects on human health. Since heavy-metal pollution in drinking water causes various diseases including skin cancer, it has become a global problem worldwide. However, there is limited information on the mechanism of development of heavy-metal-mediated disease. We performed both fieldwork and experimental studies to elucidate the levels of heavymetal pollution and mechanisms of development of heavy-metal-related disease and to develop a novel remediation system. Our fieldwork in Bangladesh, Vietnam and Malaysia demonstrated that drinking well water in these countries was polluted with high concentrations of several heavy metals including arsenic, barium, iron and manganese. Our experimental studies based on the data from our fieldwork demonstrated that these heavy metals caused skin cancer and hearing loss. Further experimental studies resulted in the development of a novel remediation system with which toxic heavy metals were absorbed from polluted drinking water. Implementation of both fieldwork and experimental studies is important for prediction, prevention and therapy of heavy-metal-mediated diseases.
Experimental approach to analysis of the relationship between food environments and lifestyle-related diseases, including cardiac hypertrophy, fatty liver, and fatigue symptoms , Miharu Ushikai 1 , Goichiro Yoshida navy personnel in Japan at the end of the 19th century received food rations based on a high-carbohydrate diet including white rice, resulting in the onset of beriberi. An epidemiological study by Kenkan Takaki revealed the relationship between the onset of beriberi and rice intake. Then, Takaki was successful in preventing the onset of beriberi by changing the diet. However, the primary cause had yet to be elucidated. Finally, Christian Eijkman established an animal model of beriberi (chickens) showing peripheral neuropathy, and he identified the existence of an anti-beriberi substance, vitamin B 1 . This is an example of the successful control of a disease by integrating the results of epidemiological and experimental studies. In our study using a murine model of fatty acid metabolism abnormality caused by carnitine deficiency, cardiac abnormality and fatty liver developed depending on the amount of dietary fat. In addition, the mice showed disturbance of orexin neuron activity related to the sleep-arousal system, which is involved in fatigue symptoms under fasting condition, one of the states showing enhanced fatty acid metabolism. These findings suggest that fatty acid toxicity is enhanced when the mice are more dependent on fatty acid metabolism. Almost simultaneously, a human epidemiological study showed that narcolepsy, which is caused by orexin system abnormality, is associated with the polymorphism of the gene coding for carnitine palmitoyltransferase 1B, which is involved in carnitine metabolism. To understand the pathological mechanism of fatty acid toxicity, not only an experimental approach using animal models, but also an epidemiological approach is necessary. The results will be applied to preventing and treating lifestyle-related diseases associated with fatty acid metabolism abnormality.
Immune system reaction against environmental pollutants
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Environmental pollutants (such as diesel exhaust particles and silica) cause disorders ranging from bronchial asthma to malignant tumors. In recent years, it has been reported that some of the signaling pathways in which environmental contaminants act in vivo are associated with innate immunity. Innate immunity recognizes ligands and induces inflammation. Those ligands are pathogen-associated molecular patterns (PAMPs: e.g., lipopolysaccharide) and danger-associated molecular patterns (DAMPs: e.g., cholesterol crystallization or uric acid crystal). Activation of innate immunity stimulates the acquired immunity system. Therefore, innate immunity regulates the strength of the general immune system. Furthermore, crystal silica, which is an environmental pollutant, activates innate immunity as a ligand. Innate immunity involves the membrane-bound Toll-like receptors (TLR) and cytoplasm-localized nucleotide-binding oligomerization domain (NOD)-like receptors (NLR). We reported the innate immunity-system-related diseases such as Crohn's disease, Blau syndrome, myelogenous leukemia, and sarcoidosis. An inflammasome complex containing NLR has attracted attention owing to its correlation with the onset of several diseases. It is reported that the inflammasome activation is related to the development of lifestyle-related diseases such as myocardial infarction and fatty liver. It is also reported that the mechanism by which crystal silica and asbestos cause inflammation involves the inflammasome activation. Analyzing the genes of innate immunity contributes to the clarification of the mechanism of disease onset caused by environmental pollutants. The brain during developmental period is thought to be highly sensitive to environmental insults including exposure to chemicals. However, it has been extremely difficult to detect and assess the features and degree of adversity particularly at low exposure levels. I describe here the effects of maternal exposure to dioxin on higher brain functions later in life, which we detected using our originally developed behavioral tests for quantifying higher brain functions in rodents. We first found changes in the mRNA expression levels of glutamate NMDA receptor subunits that have critical roles in learning and memory function in the neocortex and hippocampus. To assess the neocortical and hippocampal functions in rats, we established novel behavioral tests for assessing paired-associate learning, which is the hippocampal and medial prefrontal NMDA-dependent function. Maternal exposure to dioxin, at a low level of which does not affect simple memory formation, resulted in the disturbance of the pairedassociate learning. On the basis of the above learning paradigm, we next developed a behavioral flexibility task and a social competitive task for mice using the automated behavioral assessment system 'IntelliCage': this system can accommodate 16 mice at the same time to monitor and record their behavior. Using this system, we found that male mice born to dams exposed to very low doses of dioxin showed inflexibility in a serial reversal learning task and socially low-dominance behavior under a competitive situation. Immunohistochemical analysis of putative neuronal activity markers revealed hypoactivity in the medial prefrontal cortex (mPFC) of dioxin-exposed mice. We speculate that mPFC hypoactivity reflects the dioxin-induced higher brain dysfunction and may be associated with some psychiatric illnesses and related problems. These behavioral tests were found to be useful for studying the higher brain functions of rats and mice.
Oxidative stress derived from airborne fine and ultrafine particles and the effects on brain-nervous system: part 1 
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Traffic-related air pollution is a major contributor to urban air pollution. Diesel exhaust (DE) is the most important component of nearroad and urban air pollution and is commonly used as a surrogate model of air pollution in health effects studies. In particular, diesel exhaust particles (DEP) and the nanoparticles in DEP are considered hazardous components on health effects. It is widely known that exposure to DEP is associated with mortality due to respiratory and cardiovascular diseases. Recently, there has been accumulating evidence that DEP and the nanoparticles in DEP may be causes of neurodegenerative disorders. Here, we introduce the evidence suggesting their association with such disorders. First, we describe the Objectives: The purpose of this study was to identify associations between ALDH2 and ADH1B genotypes and ethanol-induced cutaneous erythema and assess the accuracy of an ethanol patch test in young Japanese women. Methods: The subjects were 942 female Japanese university students. They were given an ethanol patch test and examined for ethanol-induced cutaneous erythema both immediately after removing the patch and 10 min after removing the patch. A saliva sample was used to determine the ALDH2 and ADH1B genotype of each subject by realtime PCR.
Results: The sensitivity and specificity of erythema immediately after removing the patch as the marker for the presence of inactive ALDH2 were 69.6 and 87.7 %, respectively, and the sensitivity and specificity of erythema 10 min after removing the patch were 85.2 and 85.1 %, respectively. The sensitivity of erythema after 10 min was markedly lower in the ADH1B*1/*1 carriers than in the ADH1B*2 carriers (8.3 vs. 89.7 %, p \ 0.0001), and the specificity was significantly higher in the ADH1B*1/ *1 carriers than in the ADH1B*2 carriers (96.9 vs. 84.3 %, p \ 0.05). Conclusions: Overall, both sensitivity and specificity were satisfactorily high, but having the ADH1B*1/*1 genotype prevented a positive reaction for inactive ALDH2 and caused false-negative results. The data also suggested that having the ADH1B*2/*2 genotype caused a positive reaction in subjects with the ALDH2*1/*1 genotype. Despite these exceptions, the ethanol patch test has enough accuracy and can be used easily to subjects who don't drink alcohol. This is a valuable tool for improving the health literacy of younger generation subjects.
human health effects of internal exposure via inhalation is expected to be negligible, the specific activities (concentrations per aerosol mass) were relatively high. Conclusion: It was found that possible future nuclear accidents may cause severe radioactive contaminations, which may require radiation exposure control of farm goods to more than 1000 km from places of nuclear accidents.
